A stochastic discrete fracture network model of Darcy's underground water flow in disrupted rock massifs is introduced. The mixed finite element method and hybridization of the appropriate lowest order Raviart-Thomas approximation are used for the special conditions of a flow through a connected system of 2D polygons embedded in 3D. A model problem is tested.
Introduction
We consider a steady saturated Darcy's-law-govemed flow of an incompressible fluid through a system of 2D polygons embedded in 3D space and connected under certain conditions into one network. This may simulate underground water flow through natural geological disruptions of a rock massif, fractures, e.g., for the purposes of finding suitable nuclear waste repositories. Note that an intersection of three or more triangles through one edge in the discretization is possible owing to the special geometrical situation (see Fig. 1 ). We study the existence and uniqueness of weak and discrete mixed solutions, and finally use the hybridization of the lowest order Raviart-Thomas mixed approximation (see [3, 4] respectively). For the technical details of what follows, see [5] .
Mathematical-physical formulation
We assume that (1) where ac is an open 2D polygon embedded in a 3D Euclidean space; we call ac a fracture; we denote by L the index set of fractures so that I L I is the (finite) number of fractures considered. We assume that all closures of these polygons are connected into one "fracture network" and that connection is possible only through an edge, not a point. Moreover, we require that, if ai n a j i= 0, then ai n a j C aai n aa j, i.e., a connection is possible only through fracture boundaries (cf. Fig. 1 ) (we state this requirement in order to be able to define correct function spaces).
Assume that we have a 2D orthogonal coordinate system in each polygon ac. We are looking for the fracture flow velocity u (a 2D vector in each ac), which is the solution of the following problem 
where all variables are expressed in the appropriate local coordinates of ac and also differentiation is always expressed in these local coordinates. Equation (2) is Darcy's law, Eq. (3) is the mass balance equation and Eqs. (4) express the appropriate boundary conditions. The variable P denotes the modified fluid pressure p (p = ~), g is the gravitational acceleration constant, Q is the fluid density, q represents the stationary sources/sinks density and z is the elevation, taken as the positive vertical 3D coordinate expressed in the appropriate local coordinates. We require the second rank tensor K to be symmetric and uniformly positive definite on each ac. Lastly AD is that part of as where Dirichlet type boundary conditions are given and sirnilary AN is that part of as where a Neumann type boundary condition is given. Of course as = AD U An holds.
Function spaces
We start from L2(ac), Ilullo.ae = <fae u 2 dS)i and L2(ac) = L2(afJ x L2(ae) in order to introduce L2(S) == n L2(ac), L 2 (S) == L2(S) x L 2 (s).
eEL (5)
We begin with the classical Sobolev space HI (ac) 
We note that this is possible even for the geometrical situation investigated. Again, a "local" definition is necessary, since we do not deal with the standard planar case. It expresses naturally the continuity of the normal trace of functions from
